The purpose of this paper is to urgently report the decline in groundwater levels at Thang Long Industrial Park (TLIP) in the area of Northwest Hanoi, Vietnam. The total pumping capacity in TLIP is 56,970 m 3 /day. According to the records of the observation well close to TLIP, groundwater levels have declined since 2008. The amount of decline was approximately 5.67m between 2008 and 2011. Lower levels appear in the dry season, particularly in March-April. In order to maintain sustainable use of groundwater in TLIP, one of the issues is to carry out an artificial recharge of groundwater using Kim Hoa Canal, of which water is supplied by the Ca Lo River.
I. Introduction
Hanoi: 21 02 00 N 105 51 00 E, capital of Vietnam, has an area of 3,344 square kilometers and a population of 6,500,000 in 2010. Downtown of Hanoi is developed on the right bank of the Red River (Song Hong). In and around the downtown area, domestic and industrial water supplies have been relying on groundwater. A public water supply plant using groundwater was constructed first in 1909 with a total pumping capacity of 15,000 m 3 /day. At present, the total yield is approximately 700,000 m 3 /day, made up as follows: 10 public water supply plants 420,000 m 3 /day, relatively big water users such as schools and hospitals 150,000 m 3 /day and private household 150,000 m 3 /day, respectively (Dan and Dzung, 2002; Khanh et al., 2011, p.5) . In the process of the increase, groundwater problems have occurred such as decline of the water table (Fischer et al., 2011) , land subsidence (Nguyen and Helm, 1995; Thu and Fredlund, 2000) and groundwater pollution (Berg et al., 2001; Dan and Dzung, 2002) .
On the other hand, modern industrial zones have been rapidly established in recent years on the left bank of the Red River, which was once rice paddy fields. In these zones, one of the most significant developments is Thang Long Industrial Park (TLIP), 2.75 km 2 , located in the northwest of the downtown area. Some factories have been in operation since 2007.
In TLIP, water for industry and drinking is drawn from underground. However, groundwater levels have already declined for the last several years. The purpose of this paper is to urgently report the decline based on observed records. The intention is to explore the way of sustainable use of groundwater in the future, avoiding some similar groundwater problems caused in the right bank area of the Red River. Some results of hydrological and hydrogeological conditions including TLIP have already been published Hida 2009 and Hida et al., 2010) .
II. Study area

II -1 Site
The site of the study area, within Hanoi City, between downtown and Noi Bai International Airport, is shown in Fig. 1 . In this area, the Red River (on the south side) and Ca Lo River (on the north side) flow towards the east.
II -2 Thang Long Industrial Park (TLIP)
TLIP bordering on the Red River is an important industrial zone in Hanoi, which was completely reclaimed in 2007. Industrial water sources are limited to groundwater. In addition, Quang Minh Industrial Zone (QMIZ) exists in the north, where groundwater yield is small.
II -3 Groundwater yield in TLIP
Pumping well gallery (PWG)-west and PWGeast are located on the west side of TLIP ( Fig. 1 ).
Eight pumping wells each have been constructed in the PWG-west (inside the river bank) and in the PWG-east (outside the river bank). Wells in the PWG-west are 57 -66m deep, each with pumping capacity of 4,320 m 3 /day. Total pumping capacity of the eight wells is 34,560 m 3 /day. Wells in PWG-east are 62 -67m deep. The pumping capacity of each is 2,800 m 3 /day, and the total for the eight wells is 22,400 m 3 /day. The total pumping capacity of all 16 wells is 56,970 m 3 /day. All of the groundwater is withdrawn from the Pleistocene aquifer mentioned later.
II -4 Physical environment
Climate: Hanoi belongs to the monsoon region.
A hydrological year consists of a rainy season from May to October, and a dry season from November to April. Hydrogeology: Most of the groundwater in the Red River Delta including the study area is contained in Quaternary sediments (Lan et al., 2007) .
The aquifer is composed of two layers, the upper Holocene aquifer (Qh) and the lower Pleistocene aquifer (Qp). The thickness of Qh is estimated to be 10-15m and that of Qp is about 20-40m (Dan and Dzung, 2002; DGMV, 2005) . Characteristic properties of these two in the Red River Delta have been discussed in detail (Bui et al., 2012; Giang et al., 2012; Jusseret et al., 2010; Hori et al., 2004) .
III. Obser vation wells
Three observation wells: OW1, OW2 and OW3
were established in the study area. OW1 is substantially situated in the middle of PWG-west and PWGeast of TLIP ( Fig. 1 ). OW2 and OW3 were placed to the north of OW1. Specifications and geologic March 02, 2012. The difference between the two reached 11.85m, which is the maximum fluctuation during this period (Fig. 3) . Thirdly, the average value of the groundwater levels in the dry season of each hydrological year is lower than the value in the rainy season ( Table 2) .
Secondly, annual average groundwater level
The groundwater level in the dry season is 1.55m lower than that in the rainy season in 2008hy, 2.46m in 2009hy, 0.56m in 2010hy and 0.99m in 2011hy.
From these, it is evident that the lower groundwater level appears in the dry season of each year.
Fourthly, only in the dry season, the average value of the groundwater levels of each month is shown in Table 2 In contrast, the groundwater levels at OW2
and OW3 have not changed as the level at OW1.
In the time from 2008hy to 2011hy, OW2 records were in a range of approximately 2.5-3.0 Elv. m and OW3 showed a nearly stable level of -1.2 Elv. m. The reasons of these small fluctuations seem to be due to the distance from TLIP, the depth of screens and the hydraulic gradient towards the south. In this paper, these details are not considered.
V. Concluding remarks
Firstly, the following points are noted regarding the groundwater level at OW1. (1) The groundwater level has declined since 2008. The amount of decline be that the water level of the Red River is rising in the rainy season and the infiltration and recharge from ground surfaces is increasing as well. Details will be analyzed in the future.
Secondly, the decline of groundwater level at OW1 is considered to be due to the large amount of pumping within TLIP. If this condition continues, the depletion of groundwater will eventuate in the near future. Companies that have expanded into TLIP should watch this situation carefully.
Thirdly, one of the urgent issues is to find methods to use the groundwater sustainably (Fischer et al., 2011; Hida, 2009; United Nations, 2012 ). An effective tool is to apply an artificial recharge of groundwater to the area of TLIP. In terms of quantity and quality, the water of the Ca Lo river is suitable as a source for the artificial recharge , and Kim Hoa Canal (Fig. 1) can be used as a recharge ditch.
